Diet and exercise intervention adherence and health-related outcomes among older long-term breast, prostate, and colorectal cancer survivors by Winger, Joseph G. et al.
Diet and Exercise Intervention Adherence and Health-Related
Outcomes among Older Long-Term Breast, Prostate, and
Colorectal Cancer Survivors
Joseph G. Winger, M.S.,
Department of Psychology, Indiana University-Purdue University Indianapolis, 402 North
Blackford Street, LD 134, Indianapolis, IN 46202, USA
Catherine E. Mosher, Ph.D.,
Department of Psychology, Indiana University-Purdue University Indianapolis, 402 North
Blackford Street, LD 134, Indianapolis, IN 46202, USA
Kevin L. Rand, Ph.D.,
Department of Psychology, Indiana University-Purdue University Indianapolis, 402 North
Blackford Street, LD 134, Indianapolis, IN 46202, USA
Miriam C. Morey, Ph.D.,
Department of Medicine, Duke University, Durham, NC, USA. Older Americans Independence
Center, Duke University, Durham, NC, USA. Geriatric Research, Education and Clinical Center,
VA Medical Center, Durham, NC, USA
Denise C. Snyder, M.S., R.D., L.D.N., and
Department of Medicine, Duke University, Durham, NC, USA
Wendy Demark-Wahnefried, Ph.D., R.D.
Department of Nutrition Sciences, Comprehensive Cancer Center, University of Alabama,
Birmingham, AL, USA
Joseph G. Winger: jgwinger@iupui.edu
Abstract
Background—Diet and exercise interventions for cancer survivors result in health benefits;
however, few studies have examined health outcomes in relation to adherence.
Purpose—We examined associations between adherence to components of a diet–exercise
intervention and survivors’ physical and mental health.
Methods—A randomized controlled trial tested a telephone and mailed print intervention among
641 older, overweight, long-term survivors of breast, prostate, and colorectal cancer. Dietary and
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exercise behaviors were assessed at 14 time points throughout the year-long intervention; health
outcomes were examined postintervention.
Results—Telephone session attendance had significant indirect relationships with health
outcomes through intervention-period exercise and dietary behavior. Attendance showed positive
indirect relationships with physical function (β= 0.11, p<0.05), basic and advanced lower
extremity function (β=0.10, p<0.05/β=0.09, p<0.05), and mental health (β= 0.05, p<0.05), and a
negative indirect relationship with body mass index (β=−0.06, p<0.05).
Conclusions—Session attendance is vital in facilitating improvement in health behaviors and
attendant outcomes (Clinicaltrials.gov number NCT00303875).
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Introduction
The number of cancer survivors is rapidly increasing with over 13.7 million survivors in the
US alone [1]. Approximately 6.6 million of those survivors have been diagnosed with
breast, prostate, or colorectal cancers, which have 5-year survival rates of 90% or higher at
early stages [2]. Although the increase in cancer survivorship is encouraging, survivors are
at greater risk than others for secondary cancers and comorbidities such as cardiovascular
disease, diabetes, and osteoporosis [3–6]. Furthermore, the majority of cancer survivors are
older adults (≥65 years of age), many of whom are overweight or obese and experience
decrements in physical functioning that threaten their ability to live independently [7–9].
Thus older, overweight, long-term (≥5 years postdiagnosis) survivors of breast, prostate, and
colorectal cancer represent a large group that must face the interrelated challenges of cancer
survivorship and aging [10].
Interventions to promote exercise and a healthy diet show potential to reduce health risks
and slow functional decline in cancer survivors. Specifically, randomized controlled trials
among cancer populations have found that increased strength and endurance exercise
improves health-related outcomes such as physical function, lower extremity function,
mental health, and body mass index [11–15]. Findings from randomized controlled trials
also suggest that dietary interventions improve fruit and vegetable intake and reduce fat
intake and body weight in cancer survivors [16–18]. Although experimental evidence
linking healthy dietary changes to improved mental health and physical function in cancer
survivors is lacking, two cross-sectional studies with this population have found a
relationship between improved diet quality (i.e., increased fruit and vegetable intake and
decreased saturated fat intake) and better health-related outcomes (i.e., increased physical
function and basic and advanced lower extremity function, better mental health, and reduced
body mass index) [19, 20]. Conversely, another cross-sectional study did not find significant
relationships between cancer survivors’ fruit and vegetable intake and their mental or
physical health [21]. In recent years, a number of combined diet and exercise intervention
trials for older adult cancer survivors also have been conducted [22–25]. These interventions
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have resulted in increased physical activity, improved diet quality, and reduced body mass
index and functional decline [22–25].
When interpreting results of diet and exercise intervention trials, it is important to examine
adherence to the intervention protocols. The traditional definition of adherence is the extent
to which individuals follow specific treatment instructions [26]. To date, most research on
adherence to diet and exercise randomized controlled trials among older adults and cancer
survivors has focused on demographic, medical, and psychosocial predictors of adherence
[27–30]. An important gap, which we propose to address, is the study of adherence in
relation to health outcomes. Identifying the health effects of specific intervention
components could inform changes to future diet and exercise interventions to enhance their
efficacy.
To our knowledge, researchers have not reported the relationship between adherence to a
combined diet and exercise randomized controlled trial and health-related outcomes among
cancer survivors. Furthermore, published studies of cancer and noncancer populations have
not examined the relationship between adherence to interventions solely targeting dietary
habits and health-related outcomes. However, researchers have identified predictors of
increased adherence to diet interventions (defined as treatment goal achievement) in healthy
adult populations. These predictors have included self-monitoring dietary intake and
counseling session attendance [27, 31, 32]. Demographic factors have shown mixed
associations with diet intervention adherence [31, 32].
With respect to exercise alone, three randomized controlled trials with older adults have
supported a positive effect of adherence on health-related outcomes [33–35]. For example,
Fielding et al. [35] examined the relationship between adherence to a 12-month physical
activity intervention and physical function among older adults with functional limitations.
Adherence was defined as reaching a minimum threshold of 150 min of moderate physical
activity per week. Among participants randomly assigned to the intervention, physical
function did not differ between those classified as adherent and nonadherent at 6 months
postbaseline. At 12 months postbaseline, however, participants who were adherent over the
past 6 months showed greater improvement in physical function compared to those who
were nonadherent. Another randomized controlled trial for overweight, older adults with
osteoarthritis in the knee found that greater exercise adherence (defined as the percentage of
exercise sessions attended) was associated with significant improvement in physical
function and mental health as well as reduced body mass index and less pain at 6 and 18
months postbaseline [33]. Furthermore, in an exercise randomized controlled trial for
sedentary older women, greater caloric expenditure per week was related to improvement in
all aspects of self-reported physical and mental health with the exception of bodily pain [34].
In contrast, an exercise and yoga intervention study with older adults yielded no significant
effect of adherence (defined as class attendance) on self-reported health or objective
measures of physical functioning [36]. Further examination of the relationship between diet
and exercise intervention adherence and health-related outcomes among older adults is
needed due to the limited number of studies and mixed results.
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The current study addressed this gap in the literature by examining the relationship between
adherence to the Reach out to ENhancE Wellness in Older Cancer Survivors (RENEW)
intervention and health-related outcomes. The main objective of the RENEW trial was to
decrease functional decline among older, overweight (body mass index 25.0–39.9), long-
term survivors of breast, prostate, and colorectal cancer through a combination of tailored
mailed print materials and telephone prompts and counseling regarding diet and exercise
[24]. Compared to the delayed-intervention control group, the RENEW intervention group
showed less decline in physical function over a 1-year period; moreover, the intervention
group reported significant improvement in physical activity, dietary behaviors, basic and
advanced lower extremity function, and body mass index compared to the control group at 1
year postbaseline [24]. The intervention was based on social cognitive theory and the trans-
theoretical model [37, 38]. From a health promotion standpoint, social cognitive theory
proposes five core determinants of health behavior change: (a) knowledge of health risks;
(b) self-efficacy or confidence that one can bring about the desired outcome; (c) outcome
expectations regarding the benefits and costs of a behavior; (d) health goals that one sets as
well as plans for accomplishing goals; and (e) social and structural facilitators and
impediments to behavior change [39]. All of these determinants of health behavior change
were the focus of the RENEW trial’s telephone counseling sessions. Additionally, certain
intervention components were tailored to the participant’s stage of health behavior change
based on the trans-theoretical model (i.e., precontemplation, contemplation, preparation,
action, and maintenance) [38]. Tailoring interventions to the individual’s stage of change
should increase engagement in the intervention.
Drawing upon research on older adults’ adherence to diet and exercise interventions [33, 34]
and social cognitive theory [37, 39], we proposed a conceptual model of the relationship
between adherence to the RENEW intervention and health-related outcomes (see Fig. 1).
We hypothesized that increased telephone counseling session attendance would be indirectly
related to improved health-related outcomes postintervention (i.e., better physical function,
basic and advanced lower extremity function, and mental health and lower body mass index)
through increased strength and endurance exercise and healthy dietary behavior (i.e., greater
fruit and vegetable intake, reduced saturated fat intake) over the year-long intervention
period. Beneficial effects of exercise and dietary behaviors on health-related outcomes were
hypothesized based on previous research [11–14, 19, 20].
Methods
Participants
The Institutional Review Boards of the North Carolina Central Cancer Registry and Duke
University Health System approved the trial procedures. Participants were either self-
referred or identified from the Duke Cancer Registry and the North Carolina Central Cancer
Registry. Inclusion criteria included being an overweight (body mass index=25.0–39.9)
older adult (≥65 years of age) who was five or more years postdiagnosis of breast, prostate,
or colorectal cancer with no evidence of progressive disease or second primaries. Exclusion
criteria included: (1) meeting national physical activity guidelines (i.e., at least 150 min of
moderate to vigorous exercise per week); (2) contraindications to unsupervised exercise
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(e.g., recent heart attack, chronic obstructive pulmonary disease, angina, congestive heart
failure, or wheelchair or walker use); (3) contraindications to a high fruit and vegetable diet
(e.g., use of warfarin or dialysis); (4) cognitive impairment; (5) hearing impairment; (6) lack
of English fluency or literacy; and (7) living in a skilled nursing facility.
Identified physicians were approached for written permission to contact patients about the
trial. Additionally, a waiver was obtained to contact patients for whom treating physicians
were either no longer practicing or unknown. Following contact approval, a study invitation
letter was sent to 20,015 potential participants (see Ref. [40] for CONSORT diagram).
Ninety percent (n=17,859) either refused participation (n= 373) or did not respond to the
letter (n=17,486). Subsequently, 2,156 potential participants completed consent forms and a
screening questionnaire to assess eligibility. Following screening completion, 753
participants (35%) were eligible for the study; however, 112 participants were deemed
ineligible after the baseline survey was administered due to their body mass index or
physical activity level. Thus, 641 participants were recruited and randomized to the year-
long intervention (n= 319) or delayed-intervention control condition (n=322). Block
randomization by cancer type, race, and sex was utilized. A wait-list control cross-over
design was used; thus, the delayed-intervention arm began the intervention immediately
after the 1-year waitlist period. In the intervention arm, 84% (269/319) completed the
postintervention follow-up assessment (1 year postbaseline). In the delayed-intervention
arm, 90% (289/322) completed the follow-up assessment and began the intervention at 1
year postbaseline. Subsequently, 85% (245/289) of those in the delayed-intervention arm
who participated in the intervention completed the postintervention follow-up (2-years
postbaseline). Across both groups, reasons for attrition following enrollment included lack
of interest (65/127), illness (32/127), loss to follow-up (17/127), and family illness or death
(13/127). Study completers and noncompleters did not differ with regard to demographics,
number of comorbidities, or baseline levels of physical function, basic lower extremity
function, mental health, or body mass index (all p values > 0.05). However, study
noncompleters reported slightly worse advanced lower extremity function (mean
difference=3.67 on this 0 to 100 scale) at baseline compared to completers, t(639)=2.58,
p=0.01.
Procedure
The RENEW trial design was published in detail elsewhere (see Ref. [41], trial registration:
NCT00303875). To summarize, RENEW was a year-long program of telephone counseling
and tailored mailed print diet and exercise materials based on social cognitive theory and the
trans-theoretical model [37, 38]. Participants were randomized to the intervention group or a
delayed-intervention control group. A delayed-intervention control group was used because
previous studies have suggested that an attention control group may be a barrier to
recruitment [42]. Once enrolled in the intervention, participants received a package in the
mail containing exercise bands of three different strengths, a poster demonstrating lower
extremity exercises, a pedometer, a tableware designed to reduce food portions, a T-Factor
2000 Fat Gram Counter booklet (W.W. Norton, New York, NY) to monitor saturated fat
intake, and a personalized self-monitoring log for recording daily fruit and vegetable intake
and exercise behavior. The intervention was delivered via 15 telephone counseling sessions
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as well as a tailored workbook, eight automated telephone prompts, and four quarterly
progress reports.
The intervention workbook, telephone prompts, and progress reports were tailored to the
participants’ exercise and dietary behavior as well as their stage of change, as outlined by
the trans-theoretical model [38]. For example, if a participant was in the preparation stage,
the tailored components would focus on the importance of developing a diet and exercise
plan. Conversely, if a participant was in the action stage, tailored components would
encourage them to remain committed to their plan. Once enrolled in the intervention,
participants received a workbook which included graphical comparisons of their current diet
and exercise behaviors to the following guidelines for cancer survivors (for recommended
guidelines, see Ref. [43]): (a) strength exercise every other day for at least 15 min; (b)
endurance exercise every day for at least 30 min; (c) average daily consumption of seven to
nine servings of fruits and vegetables; and (d) average daily consumption of less than 10%
of total calories from saturated fat. Eight automated telephone prompts provided additional
reinforcement and encouraged participants to change health behaviors. Finally, four
quarterly progress reports reinforced health behaviors through detailed graphs regarding the
participants’ overall progress.
During the year-long trial, each intervention participant received up to 15 telephone calls
from an exercise physiologist (i.e., health counselor) who received didactic training in the
study protocol. The health counselors were assigned participants that they instructed
throughout the trial. During the first 3 weeks, counseling sessions were held every week,
followed by two biweekly sessions, and concluding with ten monthly sessions. The calls
ranged from 15 to 30 min and focused on determinants of health behavior change derived
from social cognitive theory such as building social support and enhancing self-efficacy.
The health counselors collaborated with the participants to evaluate progress, set goals,
overcome barriers to health behavior change, and locate resources. Counseling sessions were
standardized through the use of a computer-assisted guide featuring branching algorithms.
Measures
Demographics and Medical Information—At baseline, participants reported their age,
gender, race, and education as well as their cancer treatment history (i.e., surgery,
chemotherapy, radiation, hormonal therapy, other therapy). Additionally, six common
medical conditions were reported and summed including cataracts, high blood pressure,
arthritis, circulation difficulties in arms or legs, heart trouble, and osteoporosis [41].
Telephone Counseling Session Attendance—As noted above, participants were
contacted via telephone by health counselors during the year-long intervention period. If a
participant missed a counseling session, the health counselor would make call back attempts
until the time frame for the next phone session; once the next time frame began, if the
participant still had not been reached, the counseling session would be coded as missing.
The number of telephone counseling sessions attended was used as a measure of
intervention adherence, consistent with prior research [31, 33, 35].
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Intervention-Period Exercise and Dietary Behavior—Participants reported exercise
and dietary behaviors during sessions 2–15 of the 15 telephone counseling sessions. Thus,
there was a total of 14 time points for those who attended all sessions. Participants were
given a self-monitoring log for recording their exercise behavior and fruit and vegetable
intake as well as a fat gram counter booklet to help them track their saturated fat intake.
Additionally, participants were instructed to record their behavior immediately after
completing the activity.
Strength exercise: Participants were asked to report the number of days and minutes per
day of strength exercise over the past week. The average number of minutes of strength
exercise across all completed intervention-period assessments was then computed.
Endurance exercise: Participants were asked to report the number of days and minutes per
day of endurance exercise over the past week. The average number of minutes of endurance
exercise across all completed intervention-period assessments was then computed.
Fruit and vegetable intake: Participants were asked to report their average daily servings
of fruits and vegetables over the past week. The average daily servings of fruits and
vegetables across all completed intervention-period assessments were then computed.
Saturated fat intake: Participants were asked to report the average number of saturated fat
grams eaten per day over the past week. The average number of daily saturated fat grams
across all completed intervention-period assessments was then computed.
Physical Function—Physical function was assessed using the ten-item physical function
subscale of the Medical Outcomes Study Short-Form 36 [44]. The physical function
subscale of the Medical Outcomes Study Short-Form 36 has been tested among older adults
and has shown good concurrent and discriminant validity with performance-based measures
as well as good reliability and sensitivity to change [45]. Scores are summed and
transformed onto a standardized scale from 0 to 100, with higher scores representing better
physical function [44].
Basic and Advanced Lower Extremity Function—The basic and advanced lower
extremity subscales of the late life function and disability index were administered [46, 47].
Basic lower extremity function refers to activities that require stooping, standing, and
walking, whereas advanced lower extremity function refers to activities that require a higher
level of endurance and physical ability (e.g., hiking uphill or running half a mile) [47].
These subscales consist of 25 items (11 items for advanced lower extremity function and 14
items for basic lower extremity function) scored on a scale from 0 to 100, with higher scores
indicating better functioning. The lower extremity subscales of the late life function and
disability index have shown good concurrent and predictive validity with regard to the
frequency and severity of disability as well as high test–retest reliability [47–49].
Mental Health—Mental health was assessed using the 14-item mental health summary
measure of the Medical Outcomes Study Short-Form 36 [44]. The mental health summary
measure is an aggregate of four subscales including (a) four items assessing vitality, (b) two
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items assessing social functioning, (c) three items assessing role limitations due to emotional
problems, and (d) five items assessing general mental health (i.e., depression and anxiety).
For each of the four subscales, scores are summed and transformed onto a standardized scale
from 0 to 100, with higher scores representing better mental health [50]. Among older
adults, the mental health summary measure of the Medical Outcomes Study Short-Form 36
has shown good internal consistency and convergent and discriminant validity [50, 51].
Body Mass Index—Body mass index (kg/m2) was calculated based on self-reported
height and weight at baseline and self-reported weight postintervention. Self-reported height
and weight have been shown to be highly correlated with measured height and weight
among older adults [52].
Analytic Approach
Descriptive statistics and Pearson’s correlations were computed using Statistical Package for
the Social Sciences (SPSS) 20.0. Then we performed a measured variable path analysis
using LISREL 8.8 to test our hypothesis that increased telephone counseling session
attendance would be indirectly related to improved health-related outcomes (i.e., physical
function, basic and advanced lower extremity function, mental health, and body mass index)
postintervention through improved exercise (i.e., increased strength and endurance exercise)
and dietary behavior (i.e., increased fruit and vegetable intake, decreased saturated fat
intake) over the intervention period. Health-related outcomes were examined
postintervention, defined as 1 year postbaseline for the intervention group and 2 years
postbaseline for the delayed-intervention group. Model fit was assessed using the χ2 statistic
and the root mean square error of approximation (RMSEA) statistic. A nonsignificant χ2
statistic indicates that the hypothesized model is acceptable because there is no difference
between the modeled and the observed patterns of relationships [53]. Additionally, the
RMSEA statistic is an adjusted estimate of absolute fit accounting for the parsimony of the
model; thus, smaller values represent better fit with values below 0.06 indicative of good fit
[54, 55].
Results
Preliminary Analyses
Participant characteristics are shown in Table 1, and means, standard deviations, and
Pearson’s correlations for the main study variables are presented in Table 2. Participants
attended an average of 62% of the 15 telephone counseling sessions (range=0–15 sessions).
During the telephone counseling sessions, participants reported a mean of 27 min/week of
strength exercise, which was below the intervention goal of 60 min/week [41]. Furthermore,
participants reported engaging in an average of 124 min of endurance exercise per week
compared to the intervention goal of 210 min/week [41]. Concerning dietary behavior,
participants reported eating an average of six daily servings of fruits and vegetables, which
was below the intervention goal of seven to nine servings [41], but better than typical
intakes for older adult cancer survivors [19]. Finally, average saturated fat intake was 14 g/
day, which tended to be in the recommended range depending on the number of calories
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consumed per day with the target being less than 10% of total calories from saturated fat
[41, 43].
Concerning health-related outcomes (see Table 2), participants’ average score on the
physical function subscale of the Medical Outcomes Study Short-Form 36 was similar to
that of older adults in the general population [56]. Furthermore, the average score on the
basic lower extremity function subscale of the late life function and disability index [47]
suggested that participants had only minor troubles with basic performance tasks (e.g.,
stepping on and off a bus). However, the average score on the advanced lower extremity
function subscale of the late life function and disability index [47] was indicative of troubles
with more advanced tasks (e.g., running to catch a bus). The average score on the mental
health summary measure of the Medical Outcomes Study Short-Form 36 was comparable to
that of older adults in the general population [56]. Finally, following the intervention,
participants reported an average body mass index that is considered overweight but not
obese.
Preliminary data analyses were run to screen for violations of the assumptions of path
analysis. All of the variables were within the recommended normality guidelines; the
skewness indices were less than the absolute value of 2.0, and the kurtosis indices were less
than the absolute value of 7.0 [53]. Full information maximum likelihood data imputation
was used for missing data. This method retains the sample size and estimates parameters
based on available data while generating implied values for missing data based on
observable data patterns. Thus, full information maximum likelihood data imputation
enhances the accuracy of confidence intervals and standard errors relative to other
commonly used methods of addressing missing data such as listwise and pairwise deletion
and single imputation [53]. Finally, covariates were chosen based on the literature and
included age, gender, education, and number of comorbidities [7, 28, 57].
Given that the intervention was delivered first to the intervention group and then 1 year later
to the delayed-intervention group, we ran the path analysis with each group separately to
determine whether data from the two groups could be combined. The hypothesized model
showed good fit to both the intervention and the delayed-intervention group data, χ2 (5,
N=319)=7.08, p=0.21, RMSEA=0.04, 90% confidence interval (0.00, 0.09), and χ2 (5,
N=322)=7.80, p=0.17, RMSEA=0.04, 90% confidence interval (0.00, 0.10), respectively.
Therefore, we combined data from the two groups for the primary analysis.
Primary Analysis
The hypothesized model showed good fit to the combined intervention and delayed-
intervention group data, χ2(5, N= 641)=5.55, p=0.35, RMSEA=0.01, 90% confidence
interval (0.00, 0.06), and results supported some of the hypothesized pathways (see Fig. 2).
Telephone counseling session attendance had a significant indirect relationship with all of
the health-related outcomes through intervention-period exercise and dietary behavior, with
the exception of saturated fat intake. Specifically, there were positive indirect relationships
between telephone counseling session attendance and physical function (β=0.11, p<0.05),
basic lower extremity function (β=0.10, p<0.05), advanced lower extremity function
(β=0.09, p<0.05), and mental health (β=0.05, p<0.05) as well as a negative relationship with
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body mass index (β=−0.06, p<0.05). The model accounted for 18% of the variance in
physical function, 17% of the variance in basic lower extremity function, 26% of the
variance in advanced lower extremity function, 4% of the variance in mental health, and 8%
of the variance in body mass index.
Overall, the tested model provided partial support for the hypothesized pathways. As
predicted, telephone counseling session attendance was related to engagement in all of the
exercise and dietary behaviors during the intervention period. However, mixed associations
were found between exercise and dietary behaviors and health-related outcomes (i.e.,
physical function, basic and advanced lower extremity function, mental health, and body
mass index). When controlling for covariates and the other structural paths: (a) endurance
exercise was related to all outcomes with the exception of mental health; (b) strength
exercise was only related to mental health; (c) fruit and vegetable intake was only related to
basic lower extremity function; and (d) saturated fat intake was not significantly related to
any of the outcomes.
Discussion
This study is the first to examine the relationship between adherence to a diet and exercise
intervention and health-related outcomes among cancer survivors. Identifying the health
effects of specific intervention components may inform the development of highly effective
interventions. The current sample consisted of older, overweight, long-term survivors of
breast, prostate, and colorectal cancer, a large group at increased risk of disease relative to
the general population of older adults [4]. We hypothesized that exercise and dietary
behavior over the intervention period would explain the relationship between telephone
counseling session attendance and health-related outcomes (see conceptual model in Fig. 1).
The hypothesized pathways were informed by social cognitive theory [37, 39] as well as
findings from diet and exercise randomized controlled trials [11–14, 22, 23, 25] and surveys
of cancer survivors [19, 20]. As predicted, telephone counseling session attendance was
related to engagement in all health behaviors over the intervention period. Moreover,
engagement in specific health behaviors (i.e., strength and endurance exercise and fruit and
vegetable intake) over the intervention period accounted for the relationships between
telephone session attendance and certain health benefits.
Endurance exercise was positively related to physical function and basic and advanced
lower extremity function and negatively related to body mass index. Exercise randomized
controlled trials with cancer survivors have shown the impact of endurance exercise on
physical health outcomes [11–13]; however, the relationship between adherence to these
interventions and health-related outcomes has not been reported. The current results suggest
that survivors who were more adherent to the intervention (i.e., attended more telephone
sessions) engaged in greater minutes of endurance exercise, which, in turn, were related to
certain health benefits. However, contrary to previous randomized controlled trial findings
[15], endurance exercise was not related to mental health. One potential explanation for this
finding is that participants were generally reporting good mental health, and this restriction
of the variable’s range may have reduced statistical power for detecting a significant
relationship.
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Increased strength exercise was related to improved mental health, as found in prior research
with cancer survivors [14]. However, in this study, strength exercise was unrelated to
physical function, basic or advanced lower extremity function, and body mass index.
Strength exercise randomized controlled trials with cancer survivors have shown
improvement in all of these outcomes, with the exception of body mass index [58–60]. It is
likely that the null findings in our study between strength exercise and physical function are
due to the low intensity and volume of the exercises performed. Our intervention was
unsupervised and home-based without access to high intensity resistive training equipment.
Furthermore, participants reported a relatively low volume of strength exercise per week.
Concerning strength exercise and body mass index, there has been some empirical support
for the notion that strength exercise increases lean body mass and decreases the percentage
of body fat [59]; however, there has been limited support for the role of strength exercise in
improving body mass index, which may not capture significant change in body composition
[61, 62].
With regard to dietary behaviors over the intervention period, increased fruit and vegetable
intake was related to improved basic lower extremity function, but it was not related to
physical function, advanced lower extremity function, mental health, or body mass index. In
addition, saturated fat intake was not related to any of the outcomes. Prior research has also
yielded mixed evidence for relationships between dietary variables and health-related
outcomes [19–21]. Given the conflicting findings, more experimental research is needed to
determine whether diet affects these health outcomes.
The current findings have significant implications for theory and future research. The Reach
out to ENhancE Wellness in Older Cancer Survivors (RENEW) telephone counseling
sessions were based on social cognitive theory [37, 39], as reflected in their focus on social
support, goal-setting, monitoring of progress, and barriers to health behavior change.
Increased counseling session attendance was related to improved diet and exercise
behaviors, suggesting that theory-driven determinants of behavior change may have led to
positive health behavior changes over the intervention period. Thus, these determinants of
behavior change warrant further examination in future diet and exercise intervention trials. It
is important to note, however, that nonspecific factors related to the telephone sessions (e.g.,
therapeutic alliance) may have led to the positive behavior changes. Thus, future studies
should consider including an attention control condition. In addition, future studies should
consider investigating strategies designed to increase session attendance, such as flexible
telephone counseling session schedules, incentives for session attendance, or improved staff
training and clinical skills.
The present findings also have implications for clinical practice. First, these findings suggest
that when addressing lifestyle changes, clinicians should repeatedly inform older adult
cancer survivors of the importance of gaining health knowledge, setting health goals,
monitoring progress, addressing barriers to health behavior change, and receiving social
support. Given findings concerning relationships between exercise and fruit and vegetable
intake and health-related outcomes, the importance of regular engagement in these health
behaviors should be emphasized.
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Limitations of the present study should be noted. First, the tested model is only one potential
explanation for the observed patterns of relationships, and, as with any multivariate analysis,
alternative models and theories should be explored [53]. For example, observed
relationships may reflect an underlying construct such as conscientiousness [63]. That is,
participants who were more reliable about taking intervention calls may have also been more
reliable in performing expected exercise and dietary behavior. Furthermore, self-report
measures are subject to biases such as demand characteristics, recall bias, recency, and
saliency. It is important to note, however, that participants were given a fat gram counter
booklet to monitor saturated fat intake and a personalized self-monitoring log for recording
daily fruit and vegetable intake and exercise behavior to help increase the accuracy of their
reports and minimize some of these biases. Future studies should include more objective
measures of exercise (e.g., physical performance tests) and dietary intake (e.g., diet-related
biomarkers). Additionally, some of the null findings may be attributable to a restricted range
in scores for certain assessments such as body mass index and mental health measures.
Finally, participants were predominately White and represented a minority of those
approached to participate in the study. Thus, findings warrant replication in samples that are
representative of the general population of older, overweight, long-term cancer survivors.
The current study also has a number of strengths that should be mentioned. RENEW was the
first telephone and mailed print delivered lifestyle intervention for older adult cancer
survivors. Moreover, the sample size was large and included participants from 21 US states
as well as the UK and Canada with minimal attrition given the study population and the
duration of the trial. In addition, the outcome measures were well validated and reliable for
use with older adults. Lastly, this study tested a theory and research-based conceptual model
using structural equation modeling, which allowed for the accuracy of parameter estimates
to be enhanced through full information maximum likelihood data imputation for missing
data [53].
Conclusion
Older adult cancer survivors tend to experience accelerated functional decline that results in
reduced independence [10]. The RENEW intervention was designed to target functional
decline in this vulnerable population by addressing social cognitive theory-based
determinants of health behavior change. In contrast to prior research which has examined
the relationship between exercise session attendance and health-related outcomes among
older adults over 6- and 18-month time periods [33, 36], the current study examined links
between telephone counseling session attendance, dietary and exercise behaviors, and
health-related outcomes in older adult cancer survivors over a 1-year period. The results
showed that increases in some health behaviors (i.e., strength and endurance exercise and
fruit and vegetable intake) over the intervention period accounted for the relationship
between increased telephone session attendance and certain health benefits. These findings
support the importance of targeting social cognitive theory-based determinants of behavior
change [37, 39] in health promotion interventions. However, research is needed to further
examine the relationship between intervention adherence and health-related outcomes.
Future intervention trials could implement a dose–response design testing the relationship
between varying doses of the intervention (e.g., number of counseling sessions) and
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outcomes. This research would help determine the optimum dose of the intervention needed
to significantly improve health-related outcomes and thereby increase their efficacy and
cost-effectiveness.
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Fig. 1.
Proposed conceptual model depicting the relationship between adherence to the RENEW
diet and exercise intervention and health-related outcomes
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Fig. 2.
Test of proposed conceptual model depicting the relationship between adherence to the
RENEW diet and exercise intervention and health-related outcomes. Gender, age, education,
and number of comorbidities were included in each of the pathways as covariates. Although
not depicted in the figure, all mediators (i.e., strength and endurance exercise, fruit and
vegetable intake, and saturated fat intake) and outcomes were allowed to covary. Paths are
depicted with standardized regression coefficients significant at p<0.05; nonsignificant paths
are not depicted. χ2 (5, N=641)=5.55, p=0.35, RMSEA=0.01, 90% confidence interval (0.00,
0.06)
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Table 1
Descriptive information on study sample at baseline (N=641)
Variable No. (%) of participantsa
Age, mean (SD) 73.6 (5.1)
Race
 White 569 (88.8)
 African American 67 (10.5)
 Other 5 (1.0)
Female sex 349 (54.4)
Some college education 395 (61.6)
No. of comorbidities, mean (SD) 2.0 (1.2)
Cancer type
 Breast 289 (45.1)
 Prostate 261 (40.7)
 Colorectal 91 (14.2)
Years since cancer diagnosis, mean (SD) 8.6 (2.7)
Cancer treatment type
 Surgery 569 (88.8)
 Radiation 293 (45.7)
 Chemotherapy 167 (26.1)
 Hormonal therapy 269 (42.0)
 Other therapy 94 (14.7)
aUnless otherwise indicated
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